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[57] ABSTRACT

A continuously variable transmission comprises a V-
belt tensioned between a driver pulley and a follower
pulley. Hydraulic fluid pressure that determines a grip-
ping force which the driver pulley grips the V-belt with
is reduced upon detecting a demand for engine brake
running of a motor vehicle, whereby a good engine
brake feel is assured during transient period to the en-
gine brake running.

7 Claims, 6 Drawing Sheets
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IMPROVEMENTS IN CONTROLS RELATING TO
ENGINE BRAKING IN A CONTINUOUSLY
VARIABLE TRANSMISSION

BACKGROUND OF THE INVENTION

The present invention relates to a ratio control sys-
tem for a continuously variable transmission.

There is known a ratio control system for a continu-
ously variable transmission. Such a ratio control system
is disclosed in JP 61-105353. Similar ratio control sys-
tem is disclosed in U.S. Pat. No. 4,735,113 issued to
Yamamuro et al.

Such a continuously variable transmission comprises
a V-belt type continuously variable transmission mecha-
nism wherein varying hydraulic pressure supplied to a
driver pulley cylinder chamber causes a variation in
radius of a running diameter where a V-belt contacts
with the driver pulley, thus inducing a variation in a
transmission ratio. The hydraulic pressure is adjusted by
an electro-hydraulic module including an electronic
ratio control unit and a hydraulic control system. The
ratio control unit is supplied with various kinds of input
information and determines the content of intructions to
be supplied to an actuator in response to such various
kinds of input information. An output signal of the elec-
tronic control unit is supplied to the actuator in the form
of a stepper motor for controlling a shift control valve.
The shift control valve forms a part of the hydraulic
pressure control system and regulates fluid supply to
and fluid discharge from the driver pulley cylinder
chamber to adjust a hydraulic pressure therein to a
value corresponding to a position which the stepper
motor takes. The shift control valve does not effect any
regulation of hydraulic pressure supplied to a follower
pulley cylinder from a line pressure regulator valve.
Thus, a line pressure generated by the line pressure
regulator valve is kept supplied to the follower pulley
cylinder. In the manner mentioned above, a transmis-
sion ratio is continuously varied to an appropriate value
most suitable for vehicle conditions and running condi-
tions.

However, with the known ratio control system, the
transmission cannot downshift at a speed high enough
during a transition from an engine drive running state to
an engine brake running state. This is because according
to this ratio control system, the hydraulic pressure in
the driver pulley cylinder is adjusted in accordance
with the same ratio shift control maneuver in the engine
brake running state as in the engine drive running state.
The engine brake running state is initiated when a man-
ual lever is placed at a low range or when the engine
begins to be driven by the traction wheels after the
accelerator pedal is released. Owing to a considerable
slow speed at which the ratio changes, there is a consid-
erable delay until the longitudinal deceleration and the
engine speed incline take place, degrading engine brake
feel.

That is, in the V-belt type continuously variable
transmission mechanism, the relationship between a
gripping force which the driver pulley grips the V-belt
and a gripping force which the follower pulley grips the
V-belt with is a function of transmission ratio and input
torque. The relationship is such that the driver puiley
needs a gripping force which becomes high as the input
torque (in the engine revolution direction) increases and
the transmission ratio becomes high.
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On the contrary, during engine brake running, the
pulley revoltion speed increases at the same time when
the input torque increases in the negative direction.
Even though the driver pulley requires a less gripping
force during engine brake running than during engine
drive running, the gripping force which the driver pul-
ley grips the V-belt with becomes stronger than neces-
sary. This is because hydraulic pressure in the driver
pulley cylinder is increased due to centrifugal force
which the driver pulley is subject to and thus becomes
higher than necessary. Therefore, if the hydraulic pres-
sure in the driver pulley is controlled in accordance
with the same transient control maneuver during the
transient period into the engine drive running, a speed
at which the transmission ratio changes in such a direc-
tion as to increase the reduction ratio becomes very
slow.

An object of the present invention is to provide a
continuously variable transmission wherein a good en-
gine brake feel is provided during transient period from
engine drive running state to engine brake running state.

SUMMARY OF THE INVENTION

According to the present invention, a continuously
variable transmission comprises a V-belt tensioned be-
tween a driver pulley and a follower pulley, wherein
hydraulic fluid pressure that determines a gripping
force which the driver pulley grips the V-belt with is
reduced upon detecting a demand for engine brake
running of a motor vehicle, whereby a good engine
brake feel is assured during transient period to the en-
gine brake running.

More specifically, there is provided a continuously
variable transmission for a motor vehicle with an en-
gine, comprising:

a driver pulley shaft;

a follower pulley shaft arranged in parallel to said

driver pulley shaft;

a driver pulley rotatable with said driver pulley shalft,
said driver pulley including a first conical pulley part
rotatable with said driver pulley shaft, and a second
axially movable conical pulley part defining with said
first conical pulley part a first pulley groove, said driver
pulley including a driver pulley cylinder chamber, said
second axially movable conical pulley part being dis-
placeable in response to hydraulic fluid pressure within
said driver pulley cylinder chamber toward said first
conical pulley part;

a follower pulley rotatable with said follower pulley
shaft, said follower pulley including a third conical
pulley part rotatable with said follower pulley shaft, and
a fourth axially movable conical pulley part defining
with said third conical pulley part a second pulley
groove, said follower pulley including a follower pulley
cylinder chamber, said fourth axially movable conical
pulley part being displaceable in response at least to
hydraulic fluid pressure within said follower pulley
cylinder chamber toward said third conical pulley part;

a V-belt extending through said first and second pul-

ley grooves and tensioned between said driver and fol-

lower pulleys;

said first and second conical pulley parts interposing
therebetween said V-belt with a gripping force deter-
mined by the hydraulic fluid pressure within said driver
puiley cylinder chamber;

an actuator;

means for regulating hydraulic fluid pressure in said
driver pulley cylinder chamber in response to a position
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taken by said actuator, thereby to vary a ratio between
said driver and follower pulleys;

means for detecting various kinds of input informa-
tion and generating output signals indicative of said
various kinds of input information;

means receiving said output signals for adjusting the
magnitude of said gripping force in response to said
output signals of said detecting means,

said adjusting means including means for activating
said actuator in response to said output signals, means
for detecting a demand for an engine brake running of
the motor vehicle, and means for effecting a reduction
in magnitude of said gripping force upon detecting said
demand for the engine brake running of the motor vehi-
cle. :

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is an overall view of a ratio control system for
a continuously variable transmission, showing a first
embodiment according to the present invention;

FIG. 2 a flowchart illustrating processing jobs exe-
cuted in a control unit of the first embodiment;

FIG. 3 is a chart showing a transmission ratio (i)
versus a feedforward target position (STEPfgF) charac-
teristic curve f(i) used during engine drive running in
comparison with a similar curve f3(i) used during engine
brake running;

FIG. 4 is a flowchart illustrating processing jobs
executed in a control unit of the second embodiment;

FIG. 5 is a time chart of a control during engine brake
running;

FIG. 6 is a fragmentary section of a driver pulley of
a continuously variable transmission illustrated in asso-
ciation with a ratio control system for the continuousiy
variable transmission, showing a embodiment according
to the present invention;

FIG. 7 is a diagram of a rotary disc port selector
valve; and

FIG. 8 is a flowchart illustrating processing jobs
exceuted in a control unit of the third embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, embodiments according to the present
invention are explained in connection with the accom-
panying drawings.

Referring to FIG. 1, the first embodiment is de-
scribed. In FIG. 1, the reference numeral 10 designates
an engine with an output shaft 10z of an automotive
vehicle. The output shaft 10g is drivingly connected to
a continuously variable transmission which generally
comprises a fluid coupling 12, a forward reverse selec-
tor mechanism 15, a V-belt type continuously variable
transmission mechanism 29, and a differential 56.

The fluid coupling 12 includes a pump impeller 125
connected to the engine output shaft 10z and a turbine
runner 12¢ connected to a turbine shaft 13. It also in-
cludes a lock-up mechanism which is engaged in re-
sponse to an absence of hydraulic pressure within a
lock-up chamber 124 thereby to mechanically intercon-
nect the pump impeller 125 and the turbine runner 12c.

The forward reverse selector mechanism 15 includes
a planetary gear set 17, a forward clutch 40 and a re-
verse braking 50. The planetary gear set 17 includes a
- sun gear 19, a pinion carrier 25 rotatably carrying dual
pinions 21 and 23, and a ring gear 27. The sun gear 19 is
connected to the turbine shaft 13. The pinion carrier 25
is connectable via the forward clutch 40 to the turbine
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4
shaft 13, and it is connected to a driver pulley shaft 14.
The ring gear 27 is adapted to be held stationary, to a
stationary portion via the reverse braking clutch 50.

The V-belt type continuously variable transmission
mechanism 29 includes a driver pulley rotatable with
the driver pulley shaft 14, a follower pulley 26 rotatable
with a follower shaft 28, and a V-belt 24 tensioned -
between the driver pulley 16 and the follower pulley 26.
The driver pulley 16 includes a conical pulley part 18
integral with the driver pulley shaft 14 for unitary rota-
tion, and an axially movable conical pulley part 22. The
movable conical pulley part 22 cooperates with the
other conical pulley part 18 to define therebetween a
V-shaped pulley groove. The movable conical pulley
part 22 is axially displaceable along the driver pulley
shaft 14 in response to hydraulic fluid pressure acting in
a driver pulley cylinder chamber 20. The driver pulley
cylinder chamber 20 includes two chambers 20z and
20b, and defines an effective pressure acting area two
times as much as that defined by a follower pulley cylin-
der chamber 32, The follower pulley 26 includes a coni-
cal pulley part 30 integral with the follower shaft 28 for
rotation therewith, and an axially movable conical pul-
ley part 34. The movable conical pulley part 34 cooper-
ates with the conical part 30 to define therebetween a
V-shaped pulley groove. The movable conical pulley
part 34 is axially displaceable along the follower pulley
shaft 34 in response to hydraulic pressure in the fol-
lower pulley cylinder chamber 32.

The follower shaft 28 has fixed thereto a drive gear 46
which meshes with an idler gear 48 fixed to the idler
gear shaft 52. The idler gear shaft 52 has fixed thereto a
pinion gear 54 which meshes with a final gear 44 of the
differential 56.

The differential 56 includes a pair of pinions inte-
grally rotatable with the final gear 44, and a pair of side
gears 62 and 64. The side gears 62 and 64 are fixedly
coupled with a pair of axle output shafts 66 and 68.

The manner of ratio change in the V-belt type contin-
uously variable transmission is briefly described.

The change in transmission ratio in the V-belt type
continuously variable transmission can be effected by
axially displacing the movable conical pulley parts 22
and 34 to vary their running diameters with the V-belt
24. Hydraulic pressure within the driver pulley cylinder
chamber 20 is varied in relation to hydraulic pressure
within the follower pulley cylinder chamber 32 in ac-
cordance with a control command. For example, in-
creasing the width of the V-shaped pulley groove of the
driver pulley 16 causes the V-belt 24 to decrease the
width of the V-shaped pulley groove of the follower
pulley 26, changing the transmission ratio in a down-
shift direction, thus causing a reduction in revolution
speed of the follower pulley shaft 28. On the contrary,
decreasing the width of the V-shaped pulley groove of
the driver pulley 16 causes the V-belt 24 to increase the
width of the V-shaped pulley groove of the follower
pulley 26.

Hereinafter, the ratio control system is described.
As shown in FIG. 1, the ratio control system com-
prises a hydraulic ratio control portion 70, and an elec-
tronic ratio control portion 90 which drives a stepper
motor 71 of the hydraulic ratio control portion 70. The
hydraulic ratio control portion 70 regulates fluid supply
to the driver pulley cylinder chamber 20 and fluid dis-
charge therefrom, while it admits line pressure to the
follower pulley cylinder chamber 32.
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The hydraulic ratio control portion 70 comprises the
stepper motor 71, a link mechanism 72, a ratio control
valve 73, an oil pump 74, a line pressure regulator valve
75, a vacuum diaphragm 76, a throttle valve 77, and a
manual valve 78.

The stepper motor 71 actuates via the link mechanism
72 spools 73a and 75a of the ratio control valve 73 and
line pressure regulator valve 75.

The ratio control valve 73 includes a spool 73a which
is operatively linked to the link mechanism 72. The

arrangement is such that, when the spool 73a is dis- ~

placed to the left as viewed in FIG. 1, supply of hydrau-
lic fluid to the driver pulley cylinder chamber 20 is
increased, while discharge of hydraulic fluid from the
driver pulley cylinder chamber 20 is decreased, causing
an increase in hydraulic fluid pressure within the driver
pulley cylinder chamber 20.

The line pressure regulator valve 75 effects pressure
regulation on hydraulic fluid from the oil pump 74 and
generates the line pressure variable in response to throt-
tle opening degree and transmission ratio.

The throttle valve 77 effects pressure regulation
under the influence of the vacuum diaphragm 76 and
generates a throttle pressure in response to engine in-
take manifold vacuum.

The manual valve 78 is a selector valve operated by a
select lever 79. Upon selecting one of forward drive
ranges including a D range (a drive range) and a S range
(a sports range), the manual vaive 78 admits the throttle
pressure to the forward clutch 40. Upon selecting a R
range (a reverse range), the manual valve 78 admits the
throttle pressure to the reverse braking clutch 50.

The S range is different from the D range in that,
with the same vehicle speed and throttle opening de-
gree, a smaller transmission ratio is provided in the S
range than a transmission ratio provided in the D range.

The electronic ratio control portion 90 includes a
select position sensor 91, a driver or input pulley revolu-
tion speed sensor 92, a vehicle speed sensor 93, a throt-
tle opening degree sensor 94, a control unit 95, and a
stepper motor driver circuit 96.

The select position sensor 91 detects which range
position is selected by the select lever 79. Thus, an
output of the select position sensor 91 is indicative of
the position Spselected by the select lever 79.

The input pulley revolution speed sensor 92 detects
revolution speed of the driver pulley 16 and generates
an output signal indicative of the driver pulley revolu-
tion speed Ny detected.

The vehicle speed sensor 93 detects revolution speed
of the follower pulley 26 or that of the axle shaft 66 or
68 and generates an output signal indicative of vehicle
speed Vgp,

The throttle opening degree sensor 94 detects open-
ing degree of the engine throttle valve and generates an
output signal indicative of the throttle opening degree
Tyo detected.

The control unit 95 is a microcomputer based control
system including a CPU (a central processor unit), a
RAM (a random access memory), a ROM (a read only
memory), and an input output interface. The output
signals of the sensors 91, 92, 93, and 94 are supplied to
the control unit 95. An output signal of the control unit
95 is supplied to the motor driver circuit 96 for the
stepper motor 70.

The hydraulic ratio control portion 70 and electronic
ratio control portion 90 may be fully understood when
reference is made to U.S. Pat. No. 4,735,113 which is
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6
incorporated herein by reference in its entirety or JP
61-105353. ,

The operation of the first embodiment is described.

The control unit 95 stores in its ROM a control pro-
gram as illustrated by a flowchart shown in FIG. 2. The
execution of this control program is repeated upon
expiration of a predetermined period of time.

At a step 100, the select position Sp, driver pulley
revolution speed Nyy, vehicle speed Vsp, and throttle
opening degree Tyo are obtained by read-in operation
from the output signals of the sensors 91, 92, 93, and 94.

At a step 101, a judgement is made whether the select
position Spindicates one of the N range and P range or
not. If it is judged that the N range or P range is indi-
cated, the control proceeds to a step 102. At the step
102, a N, P range control is executed where the hydrau-
lic fluid of the driver pulley cylinder chamber 20 is
drained.

If the answer to the enquiry at the step 101 is NO, the
control proceeds to a step 103 where it is judged
whether the select position Spis indicative of the R
range or not. If it is judged that the R range is selected,
the control proceeds to a step 104. At the step 104, a R
range control is executed where hydraulic pressure
within the driver pulley cylinder chamber 20 is kept at
a predetermined value.

If the answer to the enquiry made at the step 103 is
NO, the control proceeds to a step 105 where it is
judged whether the select position Spis indicative of the
D range or not. If it is judged that the D range is se-
lected, the control proceeds to a step 106. At the step
106, a D range control is executed where hydraulic
fluid pressure supplied to the driver pulley cylinder
chamber 20 is adjusted to provide a transmission ratio
suitable for vehicle conditions and running conditions.

If the answer to the enquiry made at the step 105 is
NO, that is, if the S range is selected, a S range control
which is hereinafter described is executed.

In this case, the control proceeds from the step 105 to
a step 107. At the step 107, a target driver pulley revolu-
tion speed Nzn* is given using the vehicle speed Vspand
throttle opening degree Typ obtained at the step 100
using the following general equation which is expressed
as follows:

Ny =f1(Vsp, Tro)-

This function is visualized by the fully drawn curves in
the chart shown in the block designated by the refer-
ence numeral 107. In this chart, one dot chain line repre-
sents target driver pulley revolution speed values versus
various values of vehicle speed when Typ=0 in the D
range. It will be noted from the fully drawn line indi-
cated by Tpp=0 that with the same vehicle speed when
Tyo is zero, a higher target pulley revolution speed
value is given in the than a target pulley revolution
speed value given in the D range.

Then, the control proceeds to a step 108 where using
the target driver pulley revolution speed Nyn* obtained
at the step 107 and the driver pulley revolution speed
Ny obtained at the step 100, a deviation ¢ is given from
the qeuation as follows:

e =Nn" ~Nzn.

At the subsequent step 109, a target ratio i is given by
the equation as follows:
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i =Nyn"/ CONST (CONST: constant).

At the next step 110, the throttle opening degree Tyo
is compared with a predetermined throttle opening
degree value Tyoo that is indicative of a throttle open-
ing degree near zero, and it is judged whether Tyo is
less than or equal to Tyopor not. It is judged at this step
110 whether the vehicle is in engine drive running state
or engine brake running state.

Following the step 110, a motor drive control for the
stepper motor 71 is executed in two different manners
depending on the engine drive running state and the
engine brake running state. This motor drive control
combines a feedforward control with a feedback con-
trol.

During the engine drive running state when the an-
swer to the enquiry made at the step 110 is NO, the
control proceeds to a step 111. At the step 111, a target
feedforward step STEPgr is given from the ratio i ob-
tained at the step 109 using a function as illustrated in a
chart shown in FIG. 3. Then, the control proceeds to a
step 112 where two values Kp; and Kj; are set as two
feedforward constants K, and K;, respectively. At the
next step 113, the absolute value of e, viz., |e|,is given
and it is judged whether |e| is greater than or equal to
a predetermined deviation value ep. If |e| is greater
than or equal to ep, the control proceeds to a step 114
where zero is set as a constant K. If |e] is less than eq,
the control proceeds to a step 115, one is set as the
constant K3,

During the engine brake running state when the an-
swer to the enquiry at the step 110 is YES, the control
proceeds to a step 116 where the target feedforward
position STEPzris given by the ratio i obtained at the
step 109 using the function f3 shown in FIG. 3. Then,
the control proceeds to a step 117 where two values
Kp1 and K3 are set as the feedforward constants K, and
K. Kp1is less than Kpp, while K is less than Kjp. At the
next step 118, one is set as the constant K3,

After the step 114 or 115 or 118, the control proceeds
to a step 119 where a target feedback position STEPrp
is given by the constants Kj, K;and K3, and the devia-
tion e using the following equation:

STEPrp=Ki(Kye +K;[e).

Then, the control proceeds to a step 120, a target step-
per motor position STEPgris given by adding the tar-
get feedforward position STEPgrto the target feedback
position STEPrp. Finally, at a step 121, a stepper motor
drive signal is moved in such a direction as to reduce a
difference between an actual stepper motor position and
the target stepper motor drive position STEP*toward
zero. The stepper motor drive signal is supplied to the
motor driver circuit 96. After repeating the execution of
this flowchart, the actual position of the stepper motor
71 is adjusted to the target stepper motor position
STEP".

Hereinafter, the manner of ratio control effected dur-
ing running of the vehicle with the S range selected is
described.

(A) During engine drive running:

During engine drive running with the S range being
selected, the control proceeds from the step 110 to the
step 119 via the steps 111, 112, 113 and 115 (or 114). In
this process, since the feedforward constants K, and K;
are set equal to the appropriate values K1 and K;1 suit-
able for the running with the S range, effecting a ratio
control featuring a quick response to an external distur-
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8
bance. When the absolute value of deviation |e| is
greater than the predetermined devation value eo, the
target feedback stepper motor position STEPFp is set
equal to zero since the constant K3 is zero (see step 114).

(B) During engine brake running:

During engine brake running with the S range se-
lected, the control proceeds from the step 110 to the
step 119 through the steps 116, 117, and 118. As will be
readily understood from comparing the characteristic
curve fi(i) with the characteristic curve f(i), with the
same ratio i obtained at the step 109, the target feedfor-
ward position STEPgr given at the step 1186 is less than
that given at the step 111. Thus, there is set a smaller
transmission ratio providing a larger reduction ratio. At
the step 119, since the larger values Kp2 and K3 are set
as the feedback constants K, and K;, a larger target
feedback position STEPgg is set at the step 119.

Thus, the stepper motor 71 is activated at an in-
creased speed so as to cause a quick drop in hydraulic
pressure within the driver pulley cylinder chamber 20.
As a result, an increase in hydraulic presure due to
centrifugal force effect is offset by the above-mentioned
quick drop in hydraulic pressure, assuring a sufficiently
quick ratio change during transient period into engine
brake running. Therefore, there is provided a preferred
engine brake feel resulting from the occurrence of lon-
gitudinal deceleration at the initial stage and a quick
increase in engine revolution speed.

Referring to FIGS. 4 and 5, the second embodiment
is described.

This second embodiment is different from the first
embodiment in that the initiation of engine brake run-
ning is detected by sensing a selection from the D range
to the S range and a relatively high target driver pulley
revolution speed Njn* is set for a predetermined period
of time after the S range has been selected.

The operation of this second embodiment is described
along with a flowchart shown in FIG. 4. This flowchart
is similar to the flowchart shown in FIG. 2. Steps 200 to
207 are substantially the same as the corresponding
steps 100 to 107 shown in FIG. 2.

In FIG. 4, after step 206, the control proceeds to a
step 208 where a flag “D” is set equal to 1. This means
that whenever it is judged that the D range is selected at
the step 205, this flag “D” is set. At the subsquent step
209, a timer value T is set equal to a predetermined
timer value Ty,

In the subsequent run, if it is judged that the S range
is selected, the control proceeds from the step 205 to a
step 210 via the step 207. At the step 210, it is judged
whether the flag “D” is equal to 1 or not. If the answer
to the enquiry at the step 210 is YES, the engine brake
control proceeds along steps 211, 212, 213, 214, and 215
until the timer value T drops to or below 0 (zero).
Upon expiration of the predetermined period of time
when the time value T; becomes zero, the normal S
range control proceeds along steps 217, 218, and 219.

At the step 211, a deviation is determined between
the sum of a target driver pulley revolution speed Ny*
that is obtained at the step 207 and an increment AN
(delta N), and an actual revolution speed Ny obtained
by read-in operation at the step 200. This can be ex-
pressed by the following equation:

e =N/nv"+AN—Npn.
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Then, at the step 212, a target stepper motor position
STEP* is given by calculating the following equation:

STEP'=Kpe +K;fe.

Then, the control proceeds to the step 213 where the

" stepper motor drive signal is moved in such a direction
as to decrease a difference between the actual stepper
motor position and the target stepper motor position
STEP" toward zero. At the subsequent step 214, a dec-
rement of the timer value T is effected. Then, at the
step 215, a judgement is made whether the timer value
T1is less than or equal to zero or not. If the timer value
T is greater than zero, the control proceeds along the
steps 210 to 215 in the next run, and the execution of the
engine brake control is repeated. When the timer value
T becomes less or equal to zero, the control proceeds
from the step 215 to the step 216 where the flag “D” is
reset to 0 (zero).

After the timer value T has decreased and become
less than or equal to zero, since the flag “D” is equal to
zero, the control proceeds from the step 210 to the step
217 in the subsequent run. Thus, the normal S range
control is initiated. At the step 217, a deviation e is
given by calculating the following equation:

e =N/v" —Nzn.

Then, at the step 218, a target stepper motor position
STEP* is given by the following equation:

STEP"=Kpe+K;[e.

Then, at the step 219, the stepper motor drive signal is
moved in such a direction as to decrease a difference
between the actual stepper motor position and the tar-
get stepper motor position STEP* toward zero.

FIG. 5 is a diagrammatic time chart showing a
change in the target driver pulley revolution speed
N;n* when there occurs a shift from the D range to the
S range. As will be noted from FIG. 5, the target driver
pulley revolution speed Njn* is increased by an increase
AN (delta N) during the predetermined period of time
indicated by the timer value T} after occurrence of the
shift from the D range to the S range. Thus, the stepper
motor 71 is activated to a transmission ratio smaller than
a transmission ratio given during the normal S range
control, causing a rapid drop in hydraulic pressure
within the driver pulley cylinder chamber 20 during a
transient period into the engine brake running state.
Therefore, sufficiently good engine brake feel is given.

Referring to FIGS. 6 and 8, the third embodiment is
described. This third embodiment is different from the
previously described embodiments mainly in the provi-
sion of an effective inner diameter selector 82 to vary
the effective inner diameter of a hydraulic fluid cham-
ber 20a of a centrifugal force cancel trough. Thus, with
the same centrifugal force, the selector 82 can vary the
magnitude of force acting on an axially movable conical
pulley part 22 in such a direction as to cause the driver
puiley 16 to decrease the magnitude of a gripping force
which the driver pulley 16 grips a V-belt 24 (see FIG. 1)
with.

The chamber 20a of the centrifugal force cancel
trough is supplied with hydraulic fluid and thus holds
an amount of hydraulic fluid therein, and thus as the
driver pulley 16 rotates, the magnitude of force acting
on the conical pulley part 22 in a leftward direction as
viewed in FIG. 6 increases in response to centrifugal
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force which the driver pulley 16 is subject to. Under
this condition where the driver pulley 16 rotates at a
relatively high speed, the hydraulic fluid is thrown
radially outwardly and thus disposed in a radially outer
portion of the chamber 20q of the centrifugal force
cancel trough. The hydraulic fluid is discharged from
this chamber 20a via a radially outer drain port 82a
when it is opened by the selector 82. When a radially
outer drain port 825 is closed and a radially inner drain
port 82z is opened by the selector 82, the hydraulic fluid
is discharged from this inner drain port 82z so that the
amount of hydraulic fluid held in the chamber 20a of
the trough increases so that the magnitude of force
acting on the movable conical part 22 in the leftward
direction as viewed in FIG. 6 increases.

The effective inner diameter selector 82 comprises
the radially outer and inner drain ports 825 and 82a
which a formed with. That portion of the partition walil
87 which the radially outer and inner drain ports 825
and 824 are formed through defines a part of cylindrical
housing 83 fixed to the partition wall 87. The cylindrical
housing 83 defines a blind bore having its open end
communicating with a drain orifice 88 which a drum
22b fixedly secured to the conical pulley part 22 is
formed with. A rotary valve 81 with a rotary solenoid
actuator 80 are received in the blind bore of the cylin-
drical housing 83. The rotary valve 81 is formed with an
axial bore having one end closed and the opposite end
communicating with the drain orifice 88. Extending
radially outwardly from the through bore in two differ-
ent diametrically displaced directions are two radial
connection ports 815 and 81a. When the rotary valve 81
rotates and takes a first predetermined angular position,
the connection port 815 is brought into registry with the
radially outer drain port 825, so that hydraulic fluid is
discharged via the radially outer drain port 825, the
connection port 81, the axial through bore, and the
drain orifice 88. When the rotary valve 81 rotates and
takes a second predetermined position as illustrated in
FIG. 6, the radially outer drain port 825 is closed, but
the connection port 81a is brought into registry with the
radially inner drain port 824, so that hydraulic fluid is
discharged via the radially inner drain port 82a, the
connection port 81a, the axial through bore, and the
drain orifice 88. The partition wall 87 includes a sleeve-
like portion which a hydraulic fluid supply orifice 87aq is
formed with. Supply of hydraulic fluid to and discharge -
thereof from an adjustable pressure chamber 205 is
effected through an axial bore formed through a driver
pulley shaft 14.

The rotary solenoid actuator 80 is supplied with an
output of a solenoid driver circuit 98. According to this
embodiment, the rotary position of the rotary valve 81
is varied in response to the state of an idle switch 97
when a manual selector 79 is placed at a S range posi-
tion.

Therefore, another difference resides in the provision
of the idle switch 97 to supply its output to a control
unit 95 and the solenoid driver circuit 98 which receives
an output of the control unit 95 to activate the rotary
solenoid actuator 80.

The operation of this third embodiment is described
along with a flowchart shown in FIG. 8.

In FIG. 8, steps 300 to 306 correspond to the steps
100 to 106 shown in FIG. 2, and steps 310 to 313 corre-
spond to the step 207, 217 to 219 shown in FIG. 4.
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At a step 307, a judgement is made whether the idle
switch 97 is ON (viz. idle state) or not. If the idle switch
97 is ON, the control proceeds to a step 308 where an
output signal is issued to the solenoid driver circuit 98 to
cause same to activate the rotary solenoid actuator 80
and thus the rotary valve 81 until the rotary valve 81
takes the second predetermined position where the
connection port 81a is brought into registry with the
radially inner drain port 82a. In other words, the radi-
ally inner drain port 82a is selected and a relatively
small effective inner diameter designated by R; is se-
lected.

If the idle switch 97 is OFF, the control proceeds
from the step 307 to a step 309 where the solenoid
driver circuit 98 is caused to rotate the rotary solenoid
actuator 80 and the rotary valve 81 until the rotary
valve 81 takes the first predetermined position where
the connection port 815 is brought into registry with the
radially outer drain port 82b. Thus, the radially outer
drain port 826 and a relatively large effective inner
diameter designated by R; are selected.

After the step 308 or 309, the control proceeds along
the steps 310, 311, 312 and 315 to effect so-called normal
S range control mentioned before.

From the previous description of the third embodi-
ment, it will now be understood that when the idle
switch 97 is turned ON during running with the S
range, the effective inner diameter of the chamber 20g is
decreased from R; to Rj so that in addition to the nor-
mal S range control, the force due to hydraulic fluid
pressure within the chamber 20a increases and this in-
creased force acts on the movable conical pulley part 22
in a direction to cancel the influence of centrifugal force
on the hydraulic fluid within the adjustable pressure
chamber 205 of the driver pulley cylinder chamber 20.
Since, in this manner, the effect of the centrifugal force
is cancelled during transient period to engine brake
running, a preferred engine brake feel is assured.

FIG. 7 is a diagrammatic exploded view of a modified
effective diameter selector.

This modified selector comprises a fixed disc 86
formed with two diametrically opposed radially inner
drain ports 864 and two diametrically opposed radially
outer drain ports 86b, a rotary disc 85 formed with two
radially inner connection ports 85z adapted to be
brought into registry with the radially inner drain ports
86a, respectively, and two radially outer connection
ports 856 adapted to be brought into registry with the
radially outer drain ports 865, respectively, and a rotary
solenoid actuator 83 drivingly connected via a rotary
base 84 to the rotary disc 85. It is to be noted that since
two radially inner drain ports 86a are arranged in dia-
metrically opposed to each other and equidistant from
the axis of rotation as indicated by a one-dot chain line,
and the radially outer drain ports 86 are arranged in
diameterically opposed to each other and equidistant
from the axis of rotation, dislocation of hydraulic fluid
in a chamber 20q is prevented.

The present invention has been described along the
previously embodiments. However, the present inven-
tion is not limited to these embodiments. For example,
the steps 217 to 219 of the second embodiment (see FIG.
4) may be replaced with the steps 108 to 121 of the first
embodiment (see FIG. 2) or the steps 307 to 313 of the
third embodiment (see FIG. 8). According to this modi-
fication, effective engine brake drive feel is provided
upon selecting the S range or upon releasing the accel-
erator pedal. ’
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The control strategy may be modified in such a man-
ner as to recognize the initiation of engine brake run-
ning when both the S range is selected and the accelera-
tor pedal is released.

What is claimed is:

1. In a continuously variable transmission for a motor
vehicle with an engine, comprising:

a driver pulley shaft;

-a follower pulley shaft arranged in parallel to said
driver pulley shaft;

a driver pulley rotatable with said driver pulley shaft,
said driver pulley including a first conical pulley
part rotatable with said driver pulley shaft, and a
second axially movable conical pulley part defining
with said first conical pulley part a first pulley
groove, said driver pulley including a driver pulley
cylinder chamber, said second axially movable
comnical pulley part being displaceable in response
to hydraulic fluid pressure within said driver pulley
cylinder chamber toward said first conical pulley
part; '

a follower pulley rotatable with said follower pulley
shaft, said follower pulley including a third conical
pulley part rotatable with said follower pulley
shaft, and a fourth axially movable conical pulley
part defining with said third conical pulley part a
second pulley groove, said follower pulley includ-
ing a follower pulley cylinder chamber, said fourth
axially movable conical pulley part being displace-
able in response at least to hydraulic fluid pressure
within said follower puiley cylinder chamber
toward said third conical pulley part;

a V-belt extending through said first and second pul-
ley grooves and tensioned between said driver and
follower pulleys;

said first and second conical pulley parts interposing
therebetween said V-belt with a gripping force
determined by the hydraulic fluid pressure within
said driver pulley cylinder chamber;

an actuator;

means for regulating hydraulic fluid pressure in said
driver pulley cylinder chamber in response to a
position taken by said actuator, thereby to vary a
ratio between said driver and follower pulleys;

means for detecting various kinds of input informa-
tion and generating output signals .indicative of
‘said various kinds of input information;

means receiving said output signals for adjusting the
magnitude of said gripping force in response to said
output signals of said detecting means,

said adjusting means including means for activating
said actuator in response to said output signals,
means for detecting a demand for an engine brake
running of the motor vehicle, and means for effect-
ing a reduction in magnitude of said gripping force
upon detecting said demand for the engine brake
running of the motor vehicle.

2. A continuously variable transmission as claimed in
claim 1, wherein said various kinds of input information
detecting means include a select position sensor gener-
ating a select position indicative signal indicative of a
range position selected, a driver pulley revolution speed
sensor generating a driver pulley revolution speed in-
dicative signal, a vehicle speed sensor generating a vehi-
cle speed indicative signal, and a throttle opening de-
gree sensor generating a throttle opening degree indica-
tive signal.
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3. A continuously variable transmission as claimed in
claim 2, wherein said demand for the engine brake run-
ning is detected when said select position indicative
signal indicates a predetermined range position and said
throttle opening degree is less than a predetermined
value.

4. A continuously variable transmission as claimed in
claim 2, wherein said demand for the engine brake run-
ning is detected when said select position indicative
signal indicates a predetermined range position, and said
reduction effecting means keeps said reduction in the
magnitude of said gripping force for a predetermined
period of time after detecting said demand for the en-
gine brake running. )

5. A continuously variable transmission as claimed in
claim 1, wherein said driver pulley includes a centrifu-
gal force cancel trough supplied with hydraulic fluid
subject to centrifugal force during rotation of said
driver pulley, and said adjusting means include means
for varying effective inner diameter of said centrifugal
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force cancel trough upon detecting said demand for the
engine brake running.

6. A continuously variable transmission as claimed in
claim 5, wherein said various kinds of input information
detecting means include a select position sensor gener-
ating a select position indicative signal indicative of a
range position selected, a driver pulley revolution speed
sensor generating a driver pulley revolution speed in-
dicative signal, a vehicle speed sensor generating a vehi-
cle speed indicative signal, a throttle valve, a throttle
opening degree sensor generating a throttle opening
degree indicative signal, and an idle switch which is
closed when the throttle valve takes the idle speed posi-
tion.

7. A continuously variable transmission as claimed in
claim 6, wherein said demand for the engine brake run-
ning is detected when said select position indicative
signal indicates a predetermined range position and said

idle switch is closed.
* * * * *



